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ABSTRACT

As part of a program to determine the impact of industrialization of the
California Delta Region on air quality, the Air Monitoring Center (AMC)
operated two monitoring stations built by the AMC for the Dow Chemical Company.
The stations were located east of Collinsville and in Brentwood, California.
Quality assurance audits were performed on the stations at the start of the
monitoring program, and the zero and span of the instruments were calibrated
daily. The five-minute data points have been reduced and tabulated in a data
volume and one-hour averages calculated for the period from 30 August through
16 September 1976. Because of the high ozone readings in Brentwood, the data
obtained at both sites for 27 and 29 August were subsequently reduced and
included in this report. The AMC also provided assistance in the release of
pibals during this program.

This report was submitted in fulfillment of Contract No. A6-063-87 by
Rockwell International Corporation, Atomics International Division; Air
Monitoring Center under the sponsorship of the California Air Resources Board.
Work was completed as of May 1977.
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2.0 CONCLUSIONS AND RECOMMENDATIONS

The goal of the work described in this Final Report was to obtain, reduce,
and tabulate valid air quality data at two sites, and to make these data avail-
able to Meteorology Research, Inc. for their interpretation as part of the
work under a parallel contract. The following daily maximum one-hour average
ozone readings were observed in Brentwood, California, which is in the San

Francisco Bay Air Basin:

Friday, 27 August 1976
Saturday, 28 August 1976
Sunday, 29 August 1976
Monday, 30 August 1976

0.30 ppm
0.34 ppm
0.37 ppm
0.33 ppm

The highest one-hour average ozone reading recorded elsewhere in this air basin
in 1976 was 0.21 ppm 1in Gilroy on 7 October.
reading recorded in California in 1976 was 0.38 ppm in Upland on 30 August.
Because the Brentwood data stand out in comparison with other ozone data

The highest one-hour average

recorded in central and northern California, it is recommended that the Air
‘Resources Board monitor ozone in or near Brentwood in the summer of 1977.
There is some uncertainty in the 27-30 August ozone data because they were
recorded between the startup of the system and the verification of the instru-

ment calibration.
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3.0 INTRODUCTION

A number of companies are currently planning the construction of new
or expanded industrial facilities near the California delta region, where the
Sacramento and San Joaquin Rivers come together and flow into the San Francisco
Bay. In order to act properly on the applications for an authority to construct
these facilities, the California Air Resources Board (ARB) and the Air Pollution
Control Districts require more complete information than is now available on
the fate of the air pollutants released at the proposed industrial sites, so
that the impact of this industrialization can be better assessed. Therefore,
requests for proposals were issued by the ARB, and a program of which the
present contract is a part was funded.

Although the Air Monitoring Center (AMC) has a separate contract with the
ARB, it has functioned in this program much as a subcontractor to Meteorology
Research, Inc, (MRI). The main activities of the AMC were to:

Move a mobile monitoring system to Brentwood, California.
Perform quality assurance audits on the mobile monitoring system and
also a system at a fixed site near Collinsville.
® (Operate these two monitoring systems during the field program.
® Provide operator time for other parts of the study (releasing pibals).
® Reduce, tabulate, and report the data from the monitoring stations.
® Return the mobile monitoring systems to its original site and perform
a quality assurance audit to verify the proper operation of this
equipment on its return.
The monitoring systems were constructed by the AMC for the Dow Chemical Company,

and at the time of this program, were still being prepared for the system acceptance
tests required in the sales agreement.
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4.0 THE MONITORING SYSTEMS

Two monitoring systems were used to collect data for this program at the
sites shown in Figure 1. The fixed system is at site 2, whose location is
shown in more detail in Figure 2. This monitoring station is located at an
elevation of 201 ft on the Dow Chemical property near Collinsville, and has a
meteorological tower with instruments at 10 m (33 ft) and 56 m (185 ft).
Meteorological measurements include wind speed and direction, temperature, and
temperature difference. Humidity is measured at the 10 m level. On the roof
of the shelter there is a rain gauge and a broad band solar radiation detector.
Pollutants measured and the manufacturers of the instruments are: NO-NOy
(Monitor Labs, Model 8440), 502'(Monitor Labs, Model 8450), O3 (Dasibi, Modetl
1003AH), and CH4-tota1 hydrocarbons (Bendix, Model 8201A). At the time of

this study, the hydrocarbon data were not reliable enough to be included in the
‘data tabulations.

The data set at the station reads the instrument voltages every five minutes,
and records the information on magnetic tape and on a digital printer. There-
fore, all the data are accessible immediately after they are obtained. The com-
puter program which transcribes the data prints the five minute readings in
engineering units, and provides other information such as one- and 24-hour
averages, and maximum readings each day.

To fill the gap in the network of locations at which data were recorded
Or were otherwise available to this study, the mobile monitoring station was
moved to Brentwood, California and set up on property of the Liberty Union High
School in the northeast end of the parking lot used by the school buses. The
Tocation of this site is shown in Figure 3. The instrumentation in the mobile
station was the same as in the fixed station, except that there was no solar

radiation detector, and meteorological data were recorded only at a height of
10 m.

Figure 4 shows the northwest-to-northeast view from the sampling intake of
the mobile station in Brentwood. It is included because the winds generally
came from the directions included in this figure. Except for 14 and 15 September
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when the prevailing direction was west southwest, all days had a prevailing
wind direction between northwest and north northeast. Also, 56% of the
recorded wind directions were included in the headings between northwest-to-
northeast. During the daytime, a higher fraction of the winds were from these
directions. As can be seen from Figure 3, the monitoring site was on the
northeast edge of town, so that emissions from automobiles on the city streets
or other local sources in town have 1little or no influence on the data when
the wind is from the prevailing direction.

It can also be seen in Figure 4 that school buses were parked close to
the monitoring station. The northernmost bus that shows in Figure 4 was not
used during the time period of this study, but those to the south were used
on schooldays, which includes 30 August and all subsequent weekdays, except
for Labor Day, 6 September. The first buses leave the lot at 7:00 a.m., and
there were frequent arrivals and departures during the rest of the morning and
early afternoon.

To minimize the impact of the buses on the data during the intensive study
days late in the field program, arrangements were made with the Transportation
Department of the high school to have the buses parked on the street to the
south and east of the monitoring station during the day, so that the buses did
not return to the parking Tot until their last run of the day. This schedule
was followed on Friday, 10 September and Tuesday, 14 September.

4.1 AUTOMATIC CALIBRATION SYSTEM

Both monitoring systems were equipped with a system which automatically
calibrates the trace gas instrumentation once a day. A timer begins the cali-
bration sequence shortly after midnight, and the calibration steps are as
shown in Table 1. Span gases are obtained by dilution of gases from cylinders
containing NO, 502, and a mixture of hydrocarbons. The gas titration procedure
1s used to span the NO, and ozone channels. All gas flows were measured by mass
flowmeters and recorded by the data set along with status bits giving the

valve positions, so any irregularity in the automatic calibration cycle was
easily detected.

A1l data were reduced using the zero and span data obtained the previous

10
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Table 1. Functions of the Automatic Calibration System

. Status . . .
Start Time Print Code Calibration Operation

0001 56 Supply zero gas to the 03, SO2, and
NO-NOx instruments

0016 59 Supply NO to span the NO and NOy
channels

0031 59 Turn on ozone lamp to convert some
NO to NOp to span the NO»> channel
and check the converter efficiency

0046 62 Span the ozone instrument

0101 61 Span the S02 instrument

0131 55 Supply zero gas to the hydrocarbon

_ ‘ instrument
0201 55 Span the hydrocarbon instrument
0231 63 - A11 instruments sample from the sample

manifold (normal operation)

night. In a few cases, the automatic ca]ibfation system did not cycle properly,
so calibration constants were interpolated between the existing data.

4.2 AMC QUALITY ASSURANCE AUDITS

The Air Monitoring Center maintains a separate Quality Assurance group,
which audits the performance of monitoring stations and other fieid and labor-
atory operations. On 26 and 27 August, a member of this group performed a quality
assurance audit of the fixed monitoring system near Collinsville (Station 2).
The audit of the mobile system in Brentwood (Station 1) was performed on 31
August, the day following the four days of unusually high ozone readings at this
site. The findings of these audits are reported in the Appendix. Several minor

problems with the hardware were called to the attention of the station operator,
and were corrected.

4.3 ARB QUALITY ASSURANCE AUDIT

On 17 September 1976, the Air Resources Board conducted an audit of the

11
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mobile monitoring station at Brentwood, California. A report of the results of
this audit is contained in an ARB memorandum by Robert Maxwell to Don Crowe
dated 6 October 1976. '

The customary procedure in an ARB audit is to see how closely the instru-
mentation has been adjusted so that the response of each monitor agrees with the
nominal response. In addition, it is the recommended procedure of the ARB to
adjust each monitor as necessary to keep the actual response within 10% of the
nominal response (R. Haxwell, private communication, 1977). In contrast,
the philosophy used in the operation of the Dow mobile laboratory was to adjust
the monitors only as often as required to keep the response linear and within
roughly 20% of the nominal response, or as required to prepare the system for
the acceptance test.- The instrument voltages recorded during each day are con-
verted to engineering units using data from the daily zero and span of each
monitor. Minimizing the adjustment of the instruments makes it possible to
obtain a record of the zero and span drift of each monitor.

The difference in operating philosophies has made difficult a comparison
between the ARB audit data and the values reported by the station. In partic-
ular, the ARB audit report compared each instrument reading with the nominal
reading, to see if the instrument had been adjusted so that the actual and
nominal readings were within 10% of each other, but did not include a record
of the instrument voltages recorded by the station data set during instru-
ment calibration. Also, the ARB audit report did not include a comparison between
the ARB audit data and the results recorded by the data set in the station.
Carrying out this comparison requires obtaining the calibration constants
currently in use for the reduction of the data.

To partly bridge this gap, a comparison is presented here between the
ARB audit data and the station zero and span data. The ozone data are considered
first. The left hand column in Table 2 gives the ozone concentration in the
calibration flow as determined by a specially calibrated Dasibi instrument
used by the_ARB as a transfer standard. The next column gives the panel
meter reading of the instrument being calibrated. Since the data from
the instrument as recorded by the data set was not included in

12
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Tabie 2
Ozone Calibration Data Comparison

Dow Station No. 1, Brentwood, CA
17 September 1976

Dow Calculated
Ozone Instrument Presumed Output Ozone
Concentration Reading Voltage V Concentration
ppm ppm volts ppm
0.0 0.0076 0.0152 -0.003
0.0805 0.0812 0.1624 0.073
0.2060 0.1921 0.3842 0.189
0.3672 0.3468 0.6936 0.350

Station Calibration Equation: ppm = 0.52 x V -0.011

the audit report, the next column of the table was calculated on the presump-
~ tion that this voltage was twice the reading in ppm. We do not have data to
support the accuracy of this presumption, and have not made an attempt to
reconstruct such information. The right hand column gives the ozone concen-
tration calculated from the presumed output voltage by means of the station
calibration equation derived from the zero and span data.

Figure 5 shows the comparison between the station calibration and the
ARB audit for the Monitor Labs Model 8440 NO-NOx monitor. The crosses give
the instrument calibration by the ARB for NO2 based on the modified Saltzman
method, and the solid lines give the station calibration. It can be seen that
according to the ARB audit, if the instrument were measuring only NO2, the
reported value for NOy would be quite accurate and the reported value for NO2
would be Tow.

- Figure 6 shows the comparison between the station calibration and the ARB
audit for the Monitor Labs Model 8450 sulfur gas monitor. The crosses give the
instrument ca]ibration‘by the ARB for sulfur dioxide based on the pararosaniline
method, and the solid line the station calibration. The two calibrations are
in excellent agreement.

13
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Figure 5.
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Figure 6. Sulfur Dioxide Audit Results.
Station Zero and Span Data
+  ARB Audit Results
- - - - Nominal Instrument Calibration
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5.0 THE DATA

The following tabulations give the one-hour . average data calculated from
the readings recorded at five-minute intervals on the monitoring station data
tapes. The steps in reducing these data were:

1. Dump the station tape onto a magnetic disk and a printout of

raw voltages.

2. Execute a program to search for andreduce the automatic calibration
data to determine the instrument calibration constants for each day.

3. Manually review the calibration constants for correctness and
consistency, and enter them into the data file.

Create a data output in engineering units.

5. Review the data and the logbooks to delete data recorded during
station calibration, instrument service, instrument downtime, or
other data known to be invalid.

6. Calculate the one-hour averages, wind roses, and produce the final
data printouts.

Step 5 consumes a major portion of the data reduction effort. If there are six
or more five-minute data points in a one-hour interval, a one-hour average is
calculated and recorded.” If there are fewer readings, the one-hour average is
still calculated, but the decimal point is replaced by an asterisk.

5.1 THE DATA FROM STATION 1 IN BRENTWOOD, CALIFORNIA

Tables 3 through 5 summarize the wind data; Tables 6 and 7 give the hour-
average temperature and relative humidity in percent; and Tables 8 through 12
give the hour-average trace gas concentrations. Both here and at Station 2,
the hydrocarbon data were not reliable enough to report. Complete tabulations
of the five-minute data points appear in a separate data volume.
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Table 4. Daily Wind Summary - Station 1, Brentwood, CA.

AVG .
"SPEED PRYL
DAY (MRHD DIR

38 5.8 Hu
31 5.7 N
1 4.8 HNHE
2 4.3 HNNE
3 5.2 M
4 5.1 HNNE
=1 5.1 N
6 5.3 HNNE
7 8.7 HNNE
8 6.5 HNNE
9 9.6 N
19 4.8 NE
i1 soloket el ¢ -
12 5.2 HHNW
13 3.8 HNME
14 7.9 WS
15 6.4 WSl
16 4.2 Nl
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Hourly Wind Speed Averages in MPH - Aug-Sept. 1976 - Station 1, Brentwood, CA.
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Hourly Temperature Averages in Centigrade - Aug-Sept. 1976 - Station 1, Brentwood, CA.
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Table 7.

Hourly Relative Humidity Averages in Percent - Aug-Sept. 1976 - Station 1, Brentwood, CA.
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